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(54) Chemical mechanical polishing slurry for metal layers and films 



(57) A polishing slurry for chemically mechanically 
polishing metal layers and films during the various stag- 
es of multilevel interconnect fabrication associated with 
integrated circuit manufacturing. The slurry includes an 
aqueous medium, an abrasive, an oxidizing agent, and 
an organic acid. The polishing slurry has been found to 
significantly lower or inhibit the silicon dioxide polishing 



rate, thus yielding enhanced selectivity. In addition, the 
polishing slurry is useful in providing effective polishing 
to metal layers at desired polishing rates while minimiz- 
ing surface imperfections and defects. 

Also disclosed is a method for producing coplanar 
metal/insulator films on a substrate utilizing the slurry of 
the present invention and chemical mechanical polish- 
ing technique relating thereto. 
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Description 

, BACKGROUND OF THE [NVENTION 

5 1. Field Of the InvPntinn 
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15 



»»*» used „ to <*«*«««» us.™ 

2 - Background o f the Related An 
^consisting of one ormore of metS 

(Al-Cu), aluminum silicon (Al-Si), copper (Cu Zln l it " ( >' tenta ' Um (Ta) ' alu ™™m-c°PPer 

The traditional technique for forLo in, W ' nd Vanous combinations thereof P 

4,789,648 to Chow et ^ Sril^ h *"~ d ^ "» o, U. S. Patent No 

Thfe technique, which has gained vMe^JZ^S^^ V** metaMnsula ^ »* °" a substrate 
polishing (CMP) to planarize the surface of the metaHaye^s o^ interconnects, utilizes chemical mechanfc&l 

In genera , CMP invokes the concurrent chemiclT^^ 

surface of a non-planar second layer on which the tZ la™ I 9 ^ first ^ er ,0 °*P°*° the 

No. 4,789,648 to Beyer et al., the specification of whirh!, SUCh pr0Cess is described in U. S. Patent 

discloses a CMP process using a poSa ^ a S™ ? ' nC ° rp ° ra,ed herein «V reference. Briefly, Beyer et al 

"S " For eaample, u. s. Patent No^^TS IT" "*? " S !ilfca ™ al "™ a 

atom abrasives In coniwion wi,h eeltoio rwTaS £L .°T * **■«>■ slu„y tomatelto, using 
5 '»M'»»Vusna 1 dis«lo 8 es, as | u ^ topo , i ^' l ^^r l Sin*,*,, u. S. Palsnl No 

a« hydrogen pe^ide, and doionizod JL Tl S n S 5 9 «, T« IT"' '" ° a * a * x "* P^pooris 
olosas a siuny to polishing , c^,, „ and s ite sTs=h S - • 476 ' 606 '° B 'a«»'aoni al al dis- 

and an .anion ««, carta* rt, „e ol , om J „ ,. ' "",«»«« ™dia™. abiaaiaa padioto, 

»^nr^s 

nrtiulactoing yield nl lyploal mu »i l9ve , ma.Niil'Tll^ri?*''™ 8 ,ih "°"°aioi ««* leads lo poo, 
™?*™nd^ 

deeaous 10 prodnne . poinding *,,„, ft » nrtlile.el inZnT^fh ^ m P«*Pliona In panto* il ie „ m 
Tin. Ta. and high eoktoWy lo th. insulator » .„ T^" T ^I 9 T "* aM * '° ,he "tan, e g T, 
and ion di.leolrio rrrt.rlats, whinh a ,a 00^™,^^?,^' """""a* •*. spin on 9 U 
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an oxidizing agent, and organic acid. In one 
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preferred embodiment, the abrasive is a metal oxide abrasive consisting of metal oxides aggregates having a size 
distribution less than about 1.0 micron, a mean aggregate diameter less than about 0.4 micron and a force sufficient 
to repel and overcome the van der Waals forces between abrasive aggregates themselves. In another preferred em- 
bodiment, the abrasive is a metal oxide abrasive consisting of discrete, individual metal oxide spheres having a primary 

s particle diameter less than 0.4 micron (400nm) and a surface area ranging from about 1 0 rn^/g to about 250 m 2 /g. Also 
disclosed is a method of polishing metal layers with the polishing slurry of the present invention. 

Depending on the choice of the oxidizing agent, the organic acid, and other desirable additives, the polishing slurry 
can be tailored to provide effective polishing to metal layers at desired polishing rates while minimizing surface imper- 
fections, defects and uncontrollable corrosion. In addition, the polishing slurry of the present invention has been found 

10 to significantly lower or inhibit the silicon dioxide polishing rate, thus yielding enhanced selectivity with respect to the 
insulator layer. Furthermore, the polishing slurry may be effectively used to provide controlled polishing selectivities to 
other thin-film materials used in current integrated circuit technology, such as titanium, titanium nitride and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 

Figure 1 is a schematic of the set-up used for the electrochemical measurements of metallic dissolution during 
and after abrasion, as illustrated in Example 6. 

Figure 2 is an illustration of electrochemical data measured as a function of polishing in A/cm 2 on the x-axis versus 
pptential in volts on the y-axis during abrasion and following abrasion of a aluminum-copper slug. 
20 Figure 3 is an illustration of the change in corrosion potential in volts on the y-axis measured as a function of time, 

on the x-axis once the surface abrasion has been discontinued. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention is directed to a chemical mechanical polishing slurry for polishing metal layers and thin-films 

which includes an aqueous medium, an abrasive, an oxidizing agent, and an organic acid. The polishing slurry has 
been found to yield high selectivity to the insulator layer. Preferably, the polishing slurry further provides low selectivity 
to the barrier metal layer or thin-film. 

The abrasive is typically a metal oxide abrasive characterized as having a surface area, as calculated from the 

30 method of S. Brunauer, P. H. Emmet, and I. Teller, J. Am. Chemical Society, Volume 60, Page 309 (1938) and commonly 
referred to as BET, ranging from about 5 m 2 /g to about 430 m 2 /g and should be of a high purity. High purity means that 
the total impurity content, from sources such as raw material impurities and trace processing contaminants, is typically 
less than 1% and preferably less than 0.01% (i. e. 100 ppm). 

The metal oxide abrasive of the present invention is selected from the group of alumina, titania, zirconia, germania, 

35 silica, ceria and mixtures thereof. Preferably, the metal oxide is a fumed or precipitated abrasive and, more preferably 
is a fumed abrasive. The metal oxide abrasive may be produced utilizing techniques known to those skilled in the art. 
For example, the production of fumed metal oxides is a well-documented process which involves the hydrolysis of 
suitable feedstock vapor (such as aluminum chloride for an alumina abrasive) in a flame of hydrogen and oxygen. 
Molten particles of roughly spherical shapes are formed in the combustion process, the diameters of which are varied 

40 through process parameters. These molten spheres of alumina or similar oxide, typically referred to as primary particles, 
fuse with one another by undergoing collisions at their contact points to form branched, three dimensional chain-like 
aggregates. The force necessary to break aggregates is considerable and often considered irreversible. During cooling 
and collecting, the aggregates undergo further collision that may result in some mechanical entanglement to form 
agglomerates. Agglomerates are thought to be loosely held together by van der Waals forces and can be reversed, i. 

45 e. de-agglomerated, by proper dispersion in a suitable media. 

Precipitated abrasives may be manufactured utilizing conventional techniques and are typically formed by the 
coagulation of the desired particles from an aqueous medium under the influence of high salt concentrations, acids or 
other coagulants. The particles are filtered, washed, dried and separated from residues of other reaction products by 
conventional techniques known to those skilled in the art. In addition, the abrasive may be produced from other suitable 

50 technologies, such as sol-gel and plasma processing. 

In one preferred embodiment, the metal oxide abrasive consists of metal oxides aggregates having a size distri- 
bution less than about 1.0 micron, a mean aggregate diameter less than about 0.4 micron and a force sufficient to 
repel and overcome the van der Waals forces between abrasive aggregates themselves. Such metal oxide abrasive 
has been found to be effective in minimizing or avoiding scratching, pit marks, divots and other surface imperfections 

55 during polishing. The aggregate size distribution in the present invention may be determined utilizing known techniques 
such as transmission electron microscopy (TEM). The mean aggregate diameter refers to the average equivalent 
spherical diameter when using TEM image analysis, i. e. based on the cross-sectional area of the aggregate. By force 
is meant that either the surface potential or the hydration force of the metal oxide particles must be sufficient to repel 
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^ InlnT r d6r ^ attractive force * between the particles 

about 250 m2/g. U * m,cron I 400 ™) and a surface area ranging from about 10 nf/g to 

about 3% to about 45% solids and. preferably, SSCSfi £?« ^TS."* abr3SiVeS **** «0- Tom 
may be produced utilizing conventional techniques such aTstol^i^ ^ ° aqU8 ° US diSperSion of metal ™°es 
media, for example, deionized water to form a 9 3 d ' ng ^ metal oxide abrasiv e to an appropriate 

- shear m,ing conditions 

the isoelectric point, as described below, to maximize coll^fsSiS * ^ <™ 

siJdistS^^^ 
^tenliald^^ 

of tte etectncal double layer. The zeta potential is ae^L?^^^^*^^^«»^ 
ox,de abrasrve composition, the isoelectric point is definec TL lTj ?L ° f * e aqU60US m ^ium. For a given metal 
increased or decreased away from the iJLtopS^ surface'l " P ° ,en,ial ' S 2era As ,he P" is 
spect,vefy As the pH continues to increase or decS the su^ace cha T " T™** or P 08 ^'* - 

being referred to as the maximum zeta po^a^^f'T a " aSymp,ote ' ,he a We 

po.n. are functions of the metal oxide composition and I tn* th ma^l ? ^ P « M and ^.ectric 

of salts to the aqueous medium: For a more complete d scusS ofT a T be effeCted » the addtti °n 

Potenualm Colloid Science (Academic Press 1981) ^ P 016 " 1 ' 3 ' 8 ' please see *■ J- Hunter Zete 

particle compositbn, the degree of crystalling the melal oxide - turn, is a function of the 

the des.red selectivity and polishing rate, it has Seen ft2J2V • * 9 ' 9amma ° r al P ha ' ,n orda ' to achieve 
metaloxideabrasivemay vary. Forexamoe animal ,ne °P"™m surface area and loading level of the 

The ox,d.z,ng agent of the present invention is added t thTooSnn «1 \ * pre,erab| y be tween 3%and6%, 
spondmg ox.de or ions. For example, in the present inlntLn , P ! 9 ^ 1 ° ° Xidize the me1al *W» «o its corre- 
tojs corresponding oxide,suchaL;^ 
polishedtoremovetheresppctiveoxidefromthelayeTAZ^ 

agents include oxidizing metal salts, oxidizing meta ZZes ^ fox ^.'n9 agents may be used, suitable 

per,od,c acds, iron salts such as nitrates, sulfates EDTA 5l ° '° 0X ' d ™ 9 **** SUCh as P erace «c and ' 
sodium salts, potassium salts, ammonium J^'a^t^^T^ 0 "^^ 3nd ,he "' ke ' aluminu ™ salts, 
salts of peroxides, chlorates, perchlorates nitrates n.ZZL™^ ^ P hos P h °nium salts, or other cationic 
is expected that water may also be used as an effect 3^™°? T ^ miXtUreS thereof ' Furthermore, it 
used, such as aluminum. The standard elect^hemteXtS^ ' n eUsct ™°3*«™ metals are 

-ions ,s: E 0 = -1.663 + 0.0197 log(AI + 3) and for theSS to A n c ^ °'' f ° f 6Xample ' a 'uminum to At* 
aga,ns, norma, hydrogen electrode, NHE (as de finedTi ° as of Sfe °h = ° i 55 ,™ 0591 PK eXpressed in V °«s, V, 

P °u*aix, Pergamon Press, New York 1966? ^^ 
same scale. The actual potential which can be ^m^lEE thlh " 3 ° + a " d ^ reduction i8 0 V on the 
without the addftion of oxidizers, is-l.4Vvs NhTSS^? ^^^^'"^'"^e of the electrolytes, 
and H 2 D. Electrochemical measurements indicat TwE^I?^ ** Vi9 ° r ° US reduc,ion of b <* b So 

Typically, the oxidizing agent is present in thBlr^Z Z V ^ °" rea ° t,0n is that of water - 
teyer while balancing the mechanical he^K^^^ * e " SUre rapid « the metal 

=ri~^^ 

chelating acids. Preferibly, the organic acid is se ec^lT aC ' dS ' ^^^ate acids, chewing and non 
acid, caproic acid, caprylic acid, ctt'ric acfd gl oZ £S? °' aCetiC aC, ' d - adipic acid > ^ 2*. cap" 

mate acid, maleic acid, malonic acid, myristl SSfiEfZSZ^ h,? 1"™™ ^ ,3C,ic acid ' lauric a '* d . 
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of the present invention possess the ability to complex or associate with dissolving metals and improve the removal 
rate of metal thin-films, such as aluminum, titanium and the like, during the CMP process. 

Typically, the organic acid is present in the slurry, individually or in combination with other organic acids, in an 
amount sufficient to enhance the oxide selectivity without detrimentally effecting the stability of the slurry. As such, the 
5 organic acid is typically present in the slurry from about 0.05 % to 15% by weight, and preferably in a range between 
0.5 % and 5.0% by weight. 

It has been found that an interrelationship exists between the metal oxide abrasive, the oxidizing agent and the 
organic acid of the present invention to improve or enhance the selectivity to oxide polishing rate of the polishing slurry. 
In order to further stabilize a polishing slurry containing an oxidizing agent against settling, flocculation and de- 

10 composition of the oxidizing agent, a variety of additives, such as surfactants, polymeric stabilizers or other surface 
active dispersing agents, can be used. The surfactant can be anionic, cationic, nonionic, amphoteric and combinations 
of two or more surfactants can be employed. Furthermore, it has been found that the addition of a surfactant may be 
useful to improve the with in -wafer-non uniformity (WIWNU) of the wafers, thereby improving the planarity of the surface 
of the wafer and improving yield. 

15 in general, the amount of an additive used, such as a surfactant, in the present invention should be sufficient to 

achieve effective steric stabilization of the slurry and will typically vary depending on the particular surfactant selected 
and the nature of the surface of the metal oxide abrasive. For example, if not enough of a selected surfactant js used, 
it will have little or no effect on stabilization. On the other hand, too much of the surfactant may result in undesirable 
fpaming and/or flocculation in the slurry. As a result, additives like surfactants should generally be present in a range 

20 between about 0.001% and 10% by weight. Furthermore, the additive may be added directly to the slurry or treated 
onto the surface of the metal oxide abrasive utilizing known techniques. In either case, the amount of additive is adjusted 
to achieve the desired concentration in the polishing slurry. 

The polishing slurry may be produced using conventional techniques known to those skilled in the art. Typically, 
the oxidizing agent, organic acid and other desired additives, such as surfactants, are mixed into the aqueous medium, 

25 such as deionized or distilled water, at p re-determined concentrations under low shear conditions until such compo- 
nents are completely dissolved in the medium. A concentrated dispersion of the metal oxide abrasive, such as fumed 
alumina, is added to the medium and diluted to the desired loading level of abrasive in the final polishing slurry. 

The polishing slurry of the present invention may be used as one package system (metal oxide abrasive and 
oxidizing agent, if desired, in a stable aqueous medium), a two package system (the first package consists of the metal 

so oxide abrasive in a stable aqueous medium and the second package consists of the oxidizing agent) or a multi-package 
system with any standard polishing equipment appropriate for use on the desired metal layer of the wafer The two or 
multi package system is used when an oxidizing agent decomposes or hydrolyzes over time. In the two or multi package 
system, the oxidizing agent and other desirable additives may be added to the slurry just prior to polishing. 

The polishing slurry of the present invention has been found to significantly lower or inhibit the silicon dioxide 

35 polishing rate, thus yielding enhanced selectivity. In addition, the polishing slurry may be effectively used to provide 
controlled polishing selectivities to other thin-film materials used as underlayers or barrier films in current integrated 
circuit technology, such as titanium, titanium nitride and the like. The polishing slurry of the present invention may be 
used during the various stages of semiconductor integrated circuit manufacture to provide effective polishing at desired 
polishing rates while minimizing surface imperfections and defects. 

40 Non-limiting illustrations of the polishing slurry of the present invention follow. 

EXAMPLE 1 



45 



50 



Eight polishing slurries were prepared to investigate the interrelationship between the abrasive, the oxidizing agent 
and the organic acid on polishing and selectivity in accordance with the present invention. The slurries consisted of 
fumed alumina, an oxidizing agent, an organic acid, and the remainder deionized water. The properties of the slurries 
are described in Table I . The slurry was utilized to chemically-mechanically polish an aluminum layer having a thickness 
of approximately 1 2.000A using a composite pad available from Rodel, Inc., Newark DE. The polishing conditions and 
performance results are illustrated in Table II. 

TABLE I 



Sample 


Abrasive Fumed Alumina 
Concentration (wt%) 


Oxidizing Agent Ammonium 
Persulfate Concentration (wt%) 


Organic Acid Succinic Acid 
Concentration (wt%) 


1 


6 


4 


5 


2 


6 


4 


0.05 


3 


6 


8 


5 
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Sample 



1 

2 
3 
4 
5 
6 
7 
8 

('Aluminum 



Pressure 


Flow Rate 


(psi) 


(ml/min) 


5 


200 


5 


200 


5 


200 


5 


200 


5 


200 


5 


200 


5. 


• 200 


5 


200 



Table Speed 
(rpm) 



TA BLE II 

Spindle 
Speed ' 
(rpm) 



100 
100 
100 
100 
100 
100 
100 
100 



125 
125 
125' 
125 
125 
125 
125 
125 



t=r 1 — ,wv r<co 4445 o 

: ^ , e , g ^ - - -L- B L_ ^ __ _J_ _a 



Al Polishing 
Rate (A/ 
min) 


Oxide Rate 
(A/min) 


4993 


13 


4662 


80 


4782 


21 


4738 


54 . 


4196 


13 


4177 


46 


4133 


15 


4445 


32 



Selectivity* 



384:1 

58:1 

228:1 

88:1 

323:1 

91:1 

276:1 

139:1 



persu fate, from 4% ,o 8% did not affect any ol 5h!SSSS2i^ '"^T" 9 ,he ° XidiZing a96nt - ammoni ™ 
ac,d, from 0.05% (samples 2, 4, 6 and 8) to 5% (ZT 1 and 7 T f V ' "f^" 9 ,he ° f9anic acid ' succ ™ 
hereby enhanced the selectivity to thermal oxide^^eS i 'TT *" *** 

t-onship between the metal oxide abrasive, the oxidizing , aZt and ' !f amP ' e demons,ra ^ the interred 

or enhance the selectivity to oxide polishing rate T^^ ^ *" inVemi ° n l ° 

EXAMPLE ? 

alumina, an oxidizing agent, an organic acid Z r^^r ^ The SlUmeS COnsis,ed ° f 
descnbed in Table III. The slurry was utilized to ^SSSS^S^l T" ^ mieS °* ,he slu " ies are 
of approximately 12.000A with a blown polyurefran ™ P = " havin9 a thickne ^ 

The polishing conditions and performance result ar lSedtt b e^ ^ C ° rPOra,i ° n ' E ' DOrad0 Hills ' CA >- 



Sample 


Slurry Abrasive(wt%) 


TABLE III 
I Surface Area (m 2 /g) 






1 

2 
3 
4 
5 


Fumed 
Alumina(5 %) 
Fumed 
Alumina(5 %) 
Fumed 
Alumina(5 %) 
Fumed 
Alumina(5%) 
Fumed 
Alumina(5 %) 


55 
55 
55 
55 
55 


Oxidizer (wt%) 

Ammonium 

Persulfate(4 %) 

Ammonium 

Persulfate(4%) 

Ammonium 

Persulfate(4 %) 

Ammonium 

Persulfate(4%) 

Ammonium 

Persulfate(4%) 


Organic Acid (wt%) 
acetic(0.5 %) 

acetic(3.0 %) 

tartaric(0.5 %) 

tartaric(3.0%) 

phthalic(0.2%) 
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TABLE III (continued) 



Sample 


Slurry Abrasive(wt%) 


Surface Area (m 2 /g) 


Oxidizer (wt%) 


Organic Acid (wt%) 


6 


Fumed 


55 


Ammonium 


gluconic(0.5%) 




Alumina(5 %) 




Persulfate(4%) 




7 


Fumed 


55 


Ammonium 


gluconic(3.0%) 




Alumina(5 %) 




Persu1fate(4%) 
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TABLE IV 



Sample 


Pressure 


Flow. Rate 


Table Speed 


Spindle 


Al Polishing 


Oxide Rate 


Selectivity* 




(psi) 


(m!/min) 


(rpm) 


Speed 


Rate (A/ 


(A/min) 












(rpm) , 


min) 






1 


5 


200 


50 


50 


1963 


4.3 


. 457:1 


2 


5 


200 


50 


• 50 


1451 


.0.2 


7255 


3 


5 


200. 


50 


50 


1090 


1.75 


623 : 


4 


5 


200 


50 


50 ( 


1128 


10.35 


109 


5 


5 


200 


50 


50 


1768 


12.3 


144 


6 


5 


200 


50 


.50 


613 


17.7 


34.6 


7 


5 


200 


50 


50 


I 341 


4.75 


71.8 
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('Aluminum Thermal Oxide Selectivity, i.e. the polishing rate ratio' between the aluminum layer and the thermal oxide). 

Table IV illustrates the a number of different organic acids may be used in the polishing slurry of the present 
invention to suppress the oxide polishing rate, thereby significantly improving the selectivity. A desirable high selectivity 
is typically defined as having a removal rate equal or greater than 50:1 between the first layer (aluminum) and the 
second layer (thermal oxide). In contrast to, 'the previously disclosed slurries of the prior art, the polishing slurry of the 
present invention exhibits a high degree of selectivity to the. insulator .layer, Si0 2 - It should further be noted that the Al 
rate may need to be improved depending on the desired polishing rate and in order to achieve acceptable wafer through- 

EXAMPLE 3 

The polishing slurries of samples 3 and 4 in Example 2 were further investigated to demonstrate the effect of the 
present invention on selectivity to other metal layers. The properties of samples 3 and 4 are reproduced in Table V. 
The slurry, was utilized to chemically-mechanically polish a titanium layer having a thickness of approximately 1 2.000A 
with a Rodel 28" pad (available from Rodel, Inc., Newark, Delaware). The polishing conditions and performance results 
are illustrated in Table VI. 

TABLE V 



Sample 


Slurry Abrasive(wt%) 


Surface Area (m 2 /g) 


Oxidizer (wt %) 


Organic Acid (wt%) 


1 


Fumed 


55 


Ammonium 


tartaric(0.5 %) 




Alumina(5 %) 




Persulfate(4%) 




2 


Fumed 


55 


Ammonium 


. tartaric(3.0 %) 




Alumina(5%) 




Persulfate(4%) 





so 



TABLE VI 



Sample 


Pressure 


Flow Rate 


Table Speed 


Spindle 


Al Polishing 


Ti Rate (A/ 


Selectivity* 




(psi) 


(ml/min) 


(rpm) 


Speed 


Rate (A/ 


min) 






1— 






(rpm) 


min) 






1 


5 


200 


50 


50 


1090 


259 . 


4:1 


2 


5 


200 


50 


50 


1128 


598 


2:1 



55 



fAluminum:Titanium Selectivity, i.e. the polishing rate ratio between the aluminum layer and the titanium). 
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ow selectivity is typically defined a havhg a iJ^m^X^J^ X ° U A desirabte 

More preferred is a removal rate equal or lessThanl ? 2? 1 I 01 be,Wee " ,he first and secon d layers, 
effectively replicated while fabricatTsemicc^liZ ri fT" ^ ^ a " d S6COnd byers - This P^«s can be 
accompanying the Al intra^hip wiring. T ° Pr ° Vlde ,he deSired sMt * <° the 71 cladding film 



EXAMPLE 4 



. o^yt^ 

the oxidizing agent and the remainder deionized watr A^oitinn JZ i ? r T, C D aCld ' 4% amm ° nium P ersu " ate as 
Figure 1 , was adopted to evaluate the dissolution rte ^Z ^VT ^ ^ Se,Up " as illus,ra,ed in 
by abrasion, as well as the corrosion and passivation o^ 

sample consisting of aluminum and copper in the om o a sTuo ?2f af,er 1,16 ab ™°n. A metallic 

to a rotating motor. The electrode was placed intr^!ilf 9 h mbedd ^ "> 3 stick -™stant sleeve and attached 
controlled rotation of 500 rpm and SS^SlStS V *"l ? SC ° Urin9 ^ * ,he ^ Wrtn a 
the slurry and its disso.ution was determined hSSSiSZl- 7 ^ °' * e S ' U9 abraded bv 
trode. After the measurement with abrasion Slo, e te rL?„n 9 e,ec,rochemical dat * Prided by the elec 
raised away from the pad while continuing ttT^Tt^Jr^T^ 1 °° *° e,ectrode "» 

potential. Once the potential was stabilized afteTao^oxllt!.! f ! simultaneously recording the electrode 
applied to determine the rate of dissolution^ tt ab^ 
^potential range was allowed to pro^^ 

The results obtained from the slum, I n T ,SS and 0f the ra,e determining steps 

dissotves a, a rate of 7.2 X^I^SE^^ ' 2 ■* ^ n9 ^ ^ alUmi "- 
stopped, the aluminum potential readily increases and the ZZ1 , 1 F ' 9Ure 3 ' 35 SOOn as the abra *°" is 
aluminum after the abrasion (which is JSJi^J etch %Z 7 1 1 "* * The disSolu,ion * 

The shape of the potential time curve indfcaS nola %2£Z* l* " ^ 1 X 10 ' 5A/Cm2 0r 2 4 A/min - 
result, the organic acid was found to act as a «S^ b ^ST^ " ~ d * re P ass " a ^ A* a 
corrosion loss during CMP processing ' hereby mnm >™9 concerns of any uncontrollable 

topr"^ 

and uncontrollable corrosion lost. InaddLn T^T^ouZ T™™ 9 aurtace im P«ns, defects 
lower or inhibit the silicon dioxide polishing ate 

Furthermore, the polishing slurry may be effective! LTh t enhanced s ^"«y wrth respect to the dielectric layer 
-•e-lsusedin^^^ 

Itanium, titanium nitride, titanium tungsten and sWIar alloys PP "'^ 33 We " 88 und erlayers such as 

herlTu^ 

invention. moatrications may be made wrthout departing from the scope and spirit of the 
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an aqueous medium; 
an abrasive; 
an oxidizing agent; and 
an organic acid, 
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2. The slurry of claim 1 , wherein said aqueous medium Is delonlzed water. 

3. The slurry of claim 1 , wherein said aqueous medium is distilled water. 

» 

5 4. The slurry of claim 1 , wherein said abrasive is a metal oxide abrasive. 

5. The slurry of claim 4, wherein said metal oxide abrasive is selected from the group consisting of: alumina, ceria, ( 
germania, silica, titania, zirconia, and mixtures thereof. 

10 6. The slurry of claim 4, wherein said metal oxide abrasive consists of metal oxides aggregates having a size distri- 
bution less than about 1 .0 micron, a mean aggregate diameter less than about 0.4 micron. 

7. The slurry of claim 4, wherein said metal oxide abrasive consists of discrete, individual metal oxide spheres having 
a primary particle diameter less than 0.400 micron and a surface area ranging from about 1 0 rr^/g to about 250m 2 /g. 

75 

8. The slurry of claim 1 , wherein said abrasive has a surface area ranging from about 5 ir^/g to about 430 m 2 /g. 

9. The slurry of claim 8, wherein said abrasive has a surface area ranging from about 30 rr^/g to about 170 m 2 /g. 

20 10. The slurry of claim 1 , wherein said abrasive is present in said slurry in a range between about 0:5 % and 55 % by. 
Weight. 

11. The slurry of claim 10, wherein said abrasive is present in said slurry in a range between about 1% and 10% by 
weight. 

25 

12. The slurry of claim 4, wherein said metal oxide abrasive is a precipitated abrasive or a fumed abrasive. 

13. The slurry of claim 5, wherein said alumina is a precipitated alumina or a fumed alumina. 

30 14. The slurry of claim 1 , wherein said oxidizing agent is an oxidizing metal salt. * . 

15. The slurry of claim 1, wherein said oxidizing agent is an oxidizing metal complex. 

16. The slurry of claim 1 , wherein said oxidizing agent is an oxidizing nonmetallic compound. 

35 

17. The slurry of claim 16, wherein said oxidizing nonmetallic compound is ammonium persulfate, hydrogen peroxide, 
peracetic acid, periodic acid and mixtures thereof. 

18. The slurry of claim 1, wherein said oxidizing agent is selected from the group consisting of: iron salts, aluminum 
40 salts, sodium salts, potassium salts, ammonium salts, quaternary ammonium salts, phosphonium salts, peroxides, 

chlorates, perchlorates, nitrates, permanganates, persulfates and mixtures thereof. 

19. The slurry of claim 1 , wherein said organic acid is selected from the group consisting of: monofunctional acids, di- 
functional acids, hydroxyl acids, carboxylate acids, chelating acids and non-chelating acids, and mixtures thereof. 
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20. The slurry of claim 1 , wherein said organic acid is selected from the group consisting of: acetic acid, adipic acid, 
butyric acid, capric acid, caproic acid, caprylic acid, citric acid, glutaric acid, glycolic acid, formic acid, fumaric acid, 
lactic acid, lauric acid, malic acid, maleic acid, malonic acid, myristic acid, oxalic acid, palmitic acid, phthalic acid, 
propionic acid, pyruvic acid, stearic acid, succinic acid, tartaric acid, valeric acid and derivatives thereof. 

21. The slurry of claim 1, wherein said organic acid is present in said slurry in an amount sufficient to improve the 
oxide selectivity of said slurry. 

22. The slurry of claim 21 , wherein said organic acid is present in an amount between 0.5% and about 7% by weight. 

23. The slurry of claim 1 , wherein said slurry further comprises a surfactant. 

24. The slurry of claim 23, wherein said surfactant is selected from the group consisting of: anionic surfactants, cationic 
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s««*. nana* e„dacu«, amphMsrte s „„ acMs ^ mtauies ^ 

■ »• me ^«*-1.wta einraB s,^,„ 6 , conll)risssan|TOr9an|cacla 
* The a,™, o, c S im , ; „„,,„,, aa(3 s<Jny , unher ^ js m ^ ki 

K>« is equal o, area., h, 50: , s ' Mm > « metal la,., o, IhMHm art sard i„ s „2 

"•^^^^^^...al^a,,^,^^^^ 

The method of claim 27i wherein said aqueous medium is deionized water 
30 34. The method ot claim 27, wherein said aqueous medium is distilled water' 
* Themethddd,c,aim27, »arain M idahr, s i,el 3a ma t „« i<te , D , M l» e . 

* ^^^.^^ ^ M ^ UMm ^- 

44. Thame^otae. wherein „ B .,„„,„, . = precip ,„ M a , umjnl of , ^ ^ . 
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46. The method of claim 27, wherein said oxidizing agent is an oxidizing metal complex. 

47. The method of claim 27, wherein said oxidizing agent is an oxidizing nonmetallic complex. 

5 48. The method slurry of claim 47, wherein said oxidizing nonmetallic complex is ammonium persulfate, hydrogen 
peroxide, peracetic acid, periodic acid and mixtures thereof. 

49. The method of claim 27, wherein said oxidizing agent is selected from the group consisting of: iron salts, aluminum 
salts, sodium salts, potassium salts, ammonium salts, quaternary ammonium salts, phosphonium salts, peroxides, 

10 chlorates, perchlorates, nitrates, permanganates, persulfates and mixtures thereof. 

50. The method of claim 27, wherein said organic acid is selected from the group consisting of: monofunctional acids, 
di-functional acids, hydroxyl acids, carboxylate acids, chelating acids and non-chelating acids, and mixtures there- 
of. ' 

16 

51. The method of claim 50, wherein said organic acid is selected from the group consisting of: acetic acid, adipic 
acid, butyric acid, capric acid, caproic acid, caprylic acid, citric acid, glutaric acid, glycolic acid, formic acid, f umaric 
acid, lactic acid, lauric acid, malic acid, maleic acid, malonic acid, myristic acid, oxalic acid, palmitic acid, phthalic 
acid, propionic acid, pyruvic acid, stearic acid, succinic acid, tartaric acid, valeric acid and derivatives thereof. , 

52. The method of claim 27, wherein said organic acid is present in saicj slurry in an amount sufficient to improve the 
oxide selectivity of said slurry. 

53. The method of claim 52, wherein said organic acid is present in an amount between 0.5% and about 7% by weight. 

54. The method of claim 27, wherein said slurry further comprises a surfactant. 

i 

55. The method of claim 54, wherein said surfactant is selected from the group consisting of: anionic surfactants, 
cationic surfactant, nonionic surfactants, amphoteric surfactants; and mixtures thereof. 

i 

56. The method of claim 27, wherein said slurry further comprises an'inorganic acid. . 

57. The method of claim 27, wherein said slurry further comprises an inorganic salt. 

35 58. The method of claim 30, wherein the selectivity between said aluminum layer or thin-film and said underlayer is 
equal or less than 10:1. , 

59. The method of claim 32, wherein the selectivity between said copper layer or thin-film and said underlayer is equal 
or less than 10:1. 
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